Abstract-In this paper, an improved object tracking algorithm based on Camshift and grey prediction model GM (1.1) was proposed to solve problem of the poor tracking ability in occlusions. The whole tracking system could be divided into three parts: the occlusions identifying system based on Bhattacharyya coefficient analysis, the prediction system based on grey model GM (1.1) and Camshift algorithm. In the tracking process, those three parts run by turns according to different cases. Experiment results of variant video sequences demonstrate that the proposed method can track the objects stably and accurately during occlusions.
INTRODUCTION
In recent years, object tracking has become one of the most active research areas in computer vision field, and a lot of different object tracking algorithms and their related applications have been proposed. Mean shift algorithm with quickly matching mode is widely used in object tracking on the basis of the estimation theory of nonparametric kernel probability density [1] . In 1975, the mean shift algorithm was first proposed by Fukunaga et al [2] and applied to pattern recognition. In 1995, Cheng [3] introduced it to the field of computer vision. In 1999, the mean shift algorithm was applied by Comaniciu [4] to object tracking. But the mean shift algorithm is not able to update the object model in the process of tracking, which will result in inaccurate scale locating and even object losing while object's scale varies obviously. Camshift (continuous adaptive of mean shift) algorithm is proposed by Bradski [5] in order to solve such problems. This algorithm can automatically adjust the window size to fit the size of object changes in the image. It is effective to resolve the problem of inaccurate object tracking due to the deformation of moving object. In [6] , Sum and Liu solve the object losing problem due to the acceleration of object by using Camshift algorithm and adaptive expanding the search window. However, the track process of Camshift algorithm is easily affected by the object of similar color because it establishes the object histogram model based on the color information. So the effect of algorithm is not satisfactory when the color of object is similar to the background. Especially, algorithm requires that the tracked object shouldn't be occluded completely, which isn't consistent with the situation that the object may be occluded completely in the real world. An improved Camshift tracking algorithm based on the Kalman filtering was proposed by Wang and Yang [7] to solve the poor tracking ability problem in occlusions. The Kalman filtering used in object tracking is an optimal estimation method with the criterion of minimal error covariance. It has the advantages such as low calculation scale and high real-time performance. However, it supposes a linear Gauss state space model, which may be not consistent with the motion situation of the object in the real world. Considering this, an improved object tracking algorithm based on Camshift and the grey prediction model GM(1,1) [8] which has the advantages of sub-sample and poor information and doesn't assume the law of motion in advance is proposed to solve the poor tracking ability problem in occlusions in this paper. Experiment results of variant video sequences demonstrate that the proposed method can track the objects stably and accurately during occlusions.
II. CAMSHIFT ALGORITHM
The principle of Camshift is described as follows. Firstly, we convert the image into color probability distribution according to the color histogram of object. Secondly, we initialize the size and the position of the search window. Thirdly, the window is adjusted with the obtained result from previous frame adaptively. Finally, we can locate the center of the object in the current image by the result of search.
A. Color probability distribution
Firstly, we calculate the color histogram of the object. The RGB color space has weakness in representing shading effects or rapid illumination changing. To solve this problem, the Camshift algorithm adopts the HSV [9] ( Hue Saturation Value) color space to describe the object. Only H channel in HSV model can express the color information, so we extract it to make histogram. For each frame, the chrominance histogram is calculated as the following: Suppose that the number of total pixels in the frame is n , the chrominance grade of the histogram is m , and the chrominance grade 
We can normalize the value range of the histogram corresponding to every chrominance grade to the interval of [0, 255] so that through back projection the value of each pixel in the image is related to the corresponding to the value of each chrominance grade in the histogram. Thus the probability distribution graph of object-color is obtained.
B. Mean shift algorithm
Mean shift algorithm is a non-parametric estimation method based on gradient of density function which is proposed by Fukunaga and applied to pattern recognition firstly. To locate the object, it uses iterative search to find the extreme value of the probability distribution. The Mean shift algorithm tracking process is as follows:
(1) Select a search window in the probability distribution.
The pixel position in the searching window is point ( , ) x y and ( , ) I x y is pixel value of point ( , ) x y in the image. Move the center of the window to the centroid. If the moving distance is larger than preset-threshold, recalculate the centroid of the adjusted search window by (4) . Adjust the position and size of the window until moving distance is less than preset-threshold.
C. Camshift algorithm
Extending the mentioned Mean Shift to a continuous video sequence, we get CamShift algorithm. The principle is to make Mean Shift algorithm apply to all the frame of the video sequence, and then regard the center and the size of the window obtained from the previous frame as the initial value of the search window in the next frame. Iterate this process, and we can succeed in the target tracking. The concrete steps are as follows.
Step 1. Initialize the search window.
Step 2. Calculate the back projection to obtain the color probability distribu-tion of the search window.
Step 3. Run Mean Shift algorithm to get the size and position of the new search window.
Step 4. In the next frame of the video, re-initialize the size and position of the search window with value of step 3, and then jump to step 2.
Step 5. Calculate the long axis, short axis and orientation of the object.
By calculating the second order moment using the following formulas: we can obtain lengths of the long axis and short axis of object in the frame respectively as: 
When tracking the given object using Camshift algorithm, we only need to calculate the color probability distribution of the pixel in a larger region than the current window. Because we need not calculate probability distribution of all the pixels in every frame image, it reduces the computation and saves the searching time.
III. GM(1,1) MODEL
The grey system theory invented by professor Deng Julong is a new theory on uncertain problems with a small sample size or little information. Its primary application fields include data handling, feature analyzing, model building and trend predicting with sub-samples and uncertainty as presupposition.
Suppose that
( (1), (2), , ( )) X x x x n =  is the original sequence and
( (1), (2), , ( )) X x x x n =  is the first order accumulated generating sequence. Then the equation (0) (1)
is called the original form of GM(1,1), where
is a sequence of parameters, and
then the least square estimate sequence of the equation (6) satifies 1 ( ) .
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Thus, we can obtain the value of parameters , a b .
It is easy to know that the winterization equation of the equation (6) is the following differential equation (1) (
. dx ax b dt + = (7) Obviously, the discrete solution of equation (7) is (1) (0)
Thus, the time respond sequences of the equation (6) is (1) (1) (1) (1)ˆˆ( (1), (2), , ( )).
( ) (1 )[ (1) ] . 
B. The criterion of occlusion
The similarity of object model and candidate model can be described by the Bhattacharyya coefficient whose value will decrease rapidly when the object is under cover. So we can judge whether the occlusion takes place according to the changing degree of the Bhattacharyya coefficient.
Given a threshold h T , the criterion of the occlusion is: 
According to the above criterion, the tracking system will use the prediction value based on (8) to replace the original itinerate center when ( ) 0 k f y = , and then the algorithm still can track the object until the object break from the cover.
V. EXPERIMENTAL RESULTS AND ANALYSIS
To demonstrate the validity and robustness of the proposed approach, we carry out object tracking test in a number of video sequences by Matlab 7.1. The experimental results are as follows: Figure 3 shows the tracking result of Camshift algorithm and Figure 4 shows the tracking result of approach proposed in this paper. From the tracking results shown in Fig. 1 and 2 , it can be concluded that the proposed method can track the objects stably and accurately during occlusions.
VI. CONCLUSION
Camshift algorithm has the advantage of better real-time, but the algorithm will track failure when the object is occlusioned seriously. An improved Camshift tracking algorithm based on the Kalman filtering was proposed to solve the problem of its poor tracking ability in occlusions. However, the Kalman filtering supposes a linear Gauss state space model, which may not be consistent with the motion situation of the object in the real world. Aiming to solve these problems, this paper presents an improved target tracking algorithm based on Camshift algorithm combined with GM (1.1) model. The results showed that the proposed algorithm can solve the above problems effectively and achieve real-time requirements.
